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SUMMAEI 


The  difficulties  involved  in  designing  a  light  alloy  rocket  motor 
mth  an  internal  burning  charge  similar  to  the  American  'Deacon'  boost 
arc  discussed.  Static  firing  trials  have  shown  that  the  early  design 
of  a  motor  vdtli  obturation  of  the  charge  at  both  ends  v/as  not  satis¬ 
factory.  The  disastrous  effects  resulting  from  overheating  of  the  tube 
wall  by  gas-wash  have  been  eliminated  by  filling  the  annular  gap  between 
the  charge  and  tube  vra,ll  vrith  liquid.  The  annulus  is  thereby  pressurized 
simultaneously  v/ith  the  inside  of  the  charge  and  therefore  the  charge  shows 
no  tendency  to  Uirst  vri.thin  the  motor  tube.  A  motor  of  this  design,  with 
Yistac  as  filling  liquid,  has  proved  satisfactory  in  both  static  and 
projection  firings. 
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1  Introduotion 

In  May  1948,  the  Cl.Vf.  Deparhnent  of  E.A.E.  Faznborough  stated  a 
requirement  for  a  rookst  motor  vri-th  a  total  impulse  of  approximately 
20,000  Ih  sec  as  a  "boost  for  the  Seaslug  v^eapon  then  under  consideration.  .  • 
Considerahly  influenced  hy  inf  ormation  just  heooming  a-vailahle  oh  the 
American  "Deaoon",  it  Tra.s  felt  hy  G-.W.  Depaidment  that  a  similar  solid 
propellant  motor  "WtJuld  meet  tlieir  requirements.  Since  R,P,D,  Westcott, 
at  that  time,  had  practically  no  facilities  for  solid  propellant  develop¬ 
ment,  C.E.A.D.  TAvs  asked  to  undertake  the  work. 

First  discussions  indicated  that  a  few  slight  modifications  to  the 
perfomanoe  and  dimensions  of  the  "Deacon" '.vould  provide  a  boost  vdiioh 
vrould  more  nearly  meet  the  requirement.  These  vrere  a  reduction  in  burning 
time  and  in  overall  length,  the  latter  being  more  important. 

The  Deacon  had  a  single  externally  inhibited  star- centred  cordite 
cheirge  which  was  housed  in  a  light  alloy  tube.  The  overall  dimensions 
of  the  motor  were  106,75  inches  in  length  and  6.8  inches  in  diameter. 
Although  techniques^  had  been  developed  for  inhibiting  the  outer  surfaces 
of  cordite  charges,  the  largest  size  irThloh  had  been  coated  previously  was 
4.5  inches  in  diameter  by  38  inches  in  length.  This  charge  had  been 
fired  only  in  a  steel  tube,  as  an  experimental  5-inch  A.T.O.  motor 
CProjectile  Development  Establishment,  Aberporth^) ,  There  was  therefore 
little  previous  British  ea^erisnee  vd.th  a  cordite  charge  of  this  "type  of 
the  size  required,  nor  of  the  difficulties  likely  to  be  encountered  in 
obtaining  reliable  functioning  vith  such  a  charge  in  a  light  alloy  tube. 

From  the  esperienoe  gained  at  the  Projectile  Development  Establish¬ 
ment,  Aberporth,  with  plastic  propellants  in  a  5— inch  light  alloy  motor^ 
it  was  to  be  expected  that  difficulties  mi^it  arise  if  the  hot  gases  from 
the  burning  cordite  charge  gained  access  to  the  light  alley  walls. 

V/ith  plastic  propellant  it  was  fairly  easy,  in  the  absence  of  air 
inclusions  in  the  propellant,  to  ensure  that  no  exposure  of  the  light 
alloy  ooGurred  during  the  buining  of  the  charge,  but  in  the  case  of  a 
cordite  charge  there  must  of  nece ssily  be  an  annular  ^p  surrounding 
the  charge  at  all  temperatures  below  seme  arbitrary  maximum.  Unless 
special  precautions  were  taken,  therefore,  a  possibility  of  overheating 
of  the  motor  wall  existed. 

The  only  star-centre  charge  previously  made  and  fired  in  this 
country  of  dimensions  cccparable  with  those  now  required  was  the  plastic  ^ 
propellant  charge  in  the  8- inch  steel  motor  developed  at  P.D.E.  Aberporth  . 
The  limited  number  "vAiidh  vrere  produced  functioned  satisfactorily  at  noimal 
air  temperatures  and  it  vjas,  therefore,  concluded  that  ballistioally  no 
special  difficulties  should  arise  -vrith  the  large  oordite  charge  now- 
proposed. 

2  General  design  considerations 

2.1  Propellant  charge  ' 

No  precise  equivalent  of  the  propellant  H.9  used  in  "the  Deaoon  was 
available  in  this  country,  so  -that  the  choice  of  propellant  was  largely 
conditioned  by  ease  of  supply.  The  ballistic  properties  of  propellant 
SU/k  T,vere  considered  to  be  satisfactory  and,  therefore,  this  propellant 
was  chosen  sinoe  its  major  undesirable  fea-fcure,  -viz.  i-ts  low  Young's 
modulus,  was  of  1 1  consequence  in  a  development  such  as  this  where 

accelerations  -vrere  liiDly  to  be  small. 
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the  II  charge,  efforts  v/ere  made  to  meet  the  vdshes  of 

tte  users  for  a  shorter  round.  Since  no  si  ©lif leant  improvement  in 
peonJ’xo  amp^se  or  density  of  loading  over  the"Deacon"oould  he  anti- 
expated,  a  sho^r  round  meant  a  larger  diarge  diameter.  A  dharge  was 
^erefore  designed  ivith  outside  diameter  6.05  inches  Csec  cross-section 
^eorotical  cliarge  calculations^  it  vjas  found  that  the  ’ 
-ter  points  had  to  he  troncated  approoiahly  to  compensate  for  the  erosion 
.^erienced  with  such  a  long  charge.  By  this  means  the  theorotical 

SitiS  practice  it  has  been  found  that  no 

xnxtial  peak  appears  at  oharge  temperatures  below  120^* 

2*2  Motor  tube  aiid  conponents 

G^rge  and  coating  (thickness  0.075  inch)  it  v/an 
^  6|  inches  internal  diameter  was  retpired  to 

S  ^der  the  worst  conditions  for  filling  (viz 

^nt  charges  and  tube).  It  was  first  proposed  to  manufacture  tMslute 
by  an  extroaon  pz'ocess.  The  material  was  DTD.  693  and  the  contractor 
considered  that  he  could  maintain  the  required  tolerances  After  the 
first  batch  of  tubes  had  been  extruded,  however,  it  was  discovered  that 
ol^e  toleran^s  were  not  maintained  after  heat  treatment.  In  order  to 
^t  dom  the  tame  involved  in  a  fresh  order,  it  was  agreed  to  accent  a 
few  tetes  extruded  to  a  thickness  sufficimtly  groat  to  allow  full^ 
maonro^g  on  bote  external  and  internal  surfa^ol  By  thx^anf  it  -«as 
possible  to  obtain  the  re(pired  tolerances  on  tee  boro  and  teSLiLf 

.  process  was  obviously  uneconomical  in  bote  time  and  material 

^d  rmmediate  efforts  were  made  to  obtain  an  alternative.  After  oonsat 
l^T^t  m^ufacterors,  it  v^as  agreed  that  the  best  solution 

°  a  drovm  tube  in  a  slightly  lovrer  grade  alloy,  DTD. 464- 
^ch,  it  TOs  antaoipated,  could  be  used  in  the  drav/n  condition  viteout 
^  ^achining  other  than  that  required  for  the  screw  threads.  This  was 
ned,  and  prOTCd  to  be  satisfactory.  The  rear  end  of  the  tube  carried 
^eaded  mild  steel'  adaptor  or  extension  into  teich  tee 
mild  steel  venten  vra.s  sorev/ed.  The  main  purpose  of  tee  adaptor  is  to 
provide  a  heat-break  *  bet^men  venturi  and  tube  and  also  in  effeot 
to  substitute  for  the  light  ^loy  a  short  piece  of  steel  tebe  at  a  point 
^re  there  is  some  possibility  of  access  of  hot  gases  to  the  motor^ 


Similarly  the  for.vard  end  was  terminated  by  means  of  a  mild  steel 
extension  (or  shell-ring)  threaded  internally  and  carrying  a  oharge 
re  tuning  rang.  The  latter  was  intended  to  obturate  the  forward  end 
of  the  propellant  charge  by  compressing  a  neoprene  washer  against  it 
so  that  complete  closure  of  tee  annular  gap  rould  be  effeoted.  Similar 
obteration  ^  been  found  necessary  in  tee  "Deacon”  motor  but  the  precise 
deters  of  the  meteods  used  ^vere  not  available  v/hen  tee  present  de^gn 
^s  teing  evolved.  It  v«rs  fuliy  realized  teat  rigid  longitudinal  clLping 
of  tee  pro^llant  crold  only  be  used  in  experimental  firings  because  of 

ooefficient  .of  expansion  between  the  propellant 
md  tube.  Nevertheless,  it  ims  considered  that  tee  arrangement  vtould 
be  good  enough  to  enable  tee  principle  cf  charge/tube  obturation  to  be 
mve  s  ■ox^'ced. 


*  Defined  as  a  discontinuity  in  so  far  as  conduotion  of  heat  is 
concerned.  In  effeot  there  are  air  gaps  be  Ween  the  tube  and  adaptor 
and  also  bcfcvreen  adaptor  and  venturi. 
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2,5  Ignition 

Ignition  v^ns  originally  effected  try  meEins  of  two  standard  3“inch 
cartons  filled  with  SR.57'^C  and  connected  in  series.  This  arrangement 
was  satisfaotoiy  at  ambient  temperatures,  but  resulted  in  ignition  delay 
at  temperatures  of  “5^.  The  number  of  cartons  was,  therefore,  increased 
to  three,  although  an  even  larger  quantity  of  3S. 57^0  may  be  required  if 
functioning  at  veiy  lo.v  temperatures  is  to  be  fully  reliable, 

5  Charge  preparation  and  filling 

Prom  tlifi  initial  stages  of  the  development,  it  was  realised  by 
C.E.A.D.  that,  in  order  to  solve  the  problems  liiely  to  arise  in  oharge 
preparation,  ooating  and  filling,  it  would  be  necessary  to  maloe  use  of 
the  experience  gained  fron  similar,  thouj^  analler,  charges  at  the 
Projeotile  Development  Establishment,  Aberporth.  Discussions  were, 
therefore,  held  with  C.S.A. R.  (S.B.R. )  vAiere  the  staff  remaining 
after  the  disbanding  of  the  Projectile  Development  Establisliment 
was  oonoentrated.  It  was  agreed  that  C.S.A.R.  v/ould  give  ary  necessary 
advioe,  and  v/ould  provide  the  facilities  required  during  the  ooating  and 
other  preparation  cf  1310  oharge,  the  filling  operation,  and  the  static 
firings  during  development. 

Since  the  heaviest  charge  in  this  cross-section  vdiich  could  be 
extruded  fron  existing  l5--inch  presses  was  about  70  lb  weight,  it  v/as 
considered  most  convenient  to  ’composite'  50  lb  sections  (i.e.  half 
lengths)  to  make  up  the  full  charge.  Occasionally  analler  pieces  were 
first  ’  composited '  to  produee  the  half  lengths  so  that  the  resulting 
charges  contained  more  than  one  joint. 

The  "stress-relief”  technique  was  selected  as  being  the  most  suitable 
one  for  inhibiting  the  burning  of  the  outer  cylindrical  surface.  Cellulose 
acetate  of  wall  thiclaiess  0.075  inch  was  used  for  preliminaiy  work,  but  it 
was  the  intention  to  change  over  to  ethyl  cellulose  should  storage  con¬ 
siderations  make  this  desirable. 

As  the  largest  machine  available  for  the  stress-relief  process 
could  not  aoconmodate  diarges  longer  than  about  4  ft,  the  ooating  prooess 
had  to  precede  the  compositing  of  the  halves.  This  was  considered  to  be 
undesirable  in  some  respects  since  it  was  known  from  previous  work  that 
a  reliable  butt-joint  in  an  inhibitlve  coating  "was  diffioult  to  aohieve 
under  normal  working  oonditlons.  The  joint  was,  therefore,  v/rapped  vdth 
oellulose  acetate  tape  (0.01  inch  thick)  using  cement  PDE.100  or  acetone 
as  adhesive.  This  was  done  in  the  hope  of  being  able  to  prevent  ignition 
of  the  propellant  below  any  gaps  whioh  might  be  present  in  the  joint  in 
the  restrictive  coating. 

Designs  for  a  larger  ooating  maohine  and  expansion  moulds  were  laid 
down  because  of  the  advantages  of  applying  one  continuous  ooating  to  the 
charges. 

The  filling  operation  oonsisted  initially  of  inserting  Ihe  composite 
charge  into  the  tube  and  using  an  obturating  neoprene  washer  at  the  forward 
end.  The  igniters  were  placed  in  the  conduit  cf  the  oharge  at  the  forward 
end  and  were  tied  to  a  strip  of  mill-board  lying  across  the  end  cf  the 
oharge  to  keep  tiuem  in  position. 
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A-  Static  firinf^  results 

A-.  "I  Ghar^res  vAth  obturation  at  both  ends 

The  first  round  filled  as  descrilffid  above,  v/as  fired 

statically  at  air  temperature  and  burst  almost  immediately.  Most  of 
the  propellant  cau^t  fire  after  the  hurst,  but  a  few  of  the  fragnents 
recovered  showed  that  burning  had  taken  place  on  surfaces  of  fraoturo, 
T^vhich  indicated  that  the  charge  had  prolnbly  been  disrupted  in  the  rocket 
tube  because  of  the  difference  in  pressure  betvrccn  the  star  perforation 
and  the  outer  obturated  annulus.  The  pressure- time  curve  is  shcftm  in 
Pig.  2  from  vdiioh  it  is  clear  tliat  the  pressure  developed  ViFas  more  than 
double  the  anticipated  value.  As  t3:e  tube  did  not  fail  at  the  pressure 

peak,  it  is  possible  that  overheating  also  occurred  and  vra.s  a  contributory 
cause  of  failure^, 

A- 2  Charges  vri-thout  obtumtion 

In  order  to  throw  further  light  on  the  reasons  for  the  failure  a 
second  round  v/as  filled,  but  this  time  obturation  vm.s  omitted  and  in 
oteer  to  ensure  rapid  equalization  of  pressure  betiiveen  the  star  perfora¬ 
tion  and  the  outer  annulus  the  tv^o  halves  vrt5rG  not  oemposited  and  instead 
spacers  inserted  to  facilitate  the  passage  of  gases  botiveen  the  two 

sections.  On  this  occasion  no  attempt  ’.vas  made  to  record  the  pressure 

or  thrust  because  of  the  damage  done  to  the  equipment  during  the  first 
f  inng. 

This  round  vra.s  also  fired  at  air  temperature,  and  appeared  to 
function  correctly  for  about  one  second,  as  judged  aurally,  and  then 
stopped  bLirning;  after  about  a  minute  the  charge  re- ignited  and  henoe 
no  propellant  residue  ronained  for  examination.  The  motor  tube  i,va.3 
found  to  have  burst,  but  it  v/as  mainly  in  Wo  halves;  both  the  head  and 
venturi  end  plates  had  bloii'/n  off  and  the  threaded  portions  v/ere  funnelled 
out.  Althou^  the  fragments  had  every  appearance  of  being  the  result  of 
a  burst  duo  to  excessive  pressure,  the  firing  vftis  normal,  apparently 
except  for  the  short  time  of  burning.  It  could  not  bo  concluded  v/ith 
oertain't^,'^,  in  the  absence  of  a  pressure  recording,  whether  the  failure 
v/as  due^  to  overheating  of  the  light  alloy  tube  or  to  excessive  pressure 
vdiich  might  have  been  caused  by  the  removal  of  the  inhibiting  coating 
by  gas-vnsh. 

Since  it  appeared  desirable  to  obviate  the  effects  both  of  differen¬ 
tial  pressure  (unavoidable  v/lth  obturation  of  both  ends  of  the  charge)  and 
ot ^a.s~-yrs.sh  over  both  the  tebe  and  inhibit! ve  coating  (ma voidable  ivithout 
obturation) ,  means  of  resolving  these  apparently  conflicting  requirements 
had  to  be  considered. 


A- 3  Rounds  vdth  liquid  filling  in  annulus 

The  simplest  method  seemed  to  be  to  fill  the  annulus  betv/feen  the 
ch^ge  and  v/all  v/ith  a  relatively  inccompressible  fluid  such  as  ^vater, 
vdiich  v/ould  both  transmit  the  pressure  to  the  outside  of  the  charge  and 
at  the  same  time  prevent  gas-v/ash  in  tine  annular  space. 

A  round  was,  therefore,  fitted  up  in  this  v/ay  and  an  atten^t 

T.7as  made  to  prevent  the  v/ater  from  leaking  try  rather  crudely  sealing  off 
both  ends  of  the  charge  v/ith  luting.  As  this  was  not  canpletcly  effective 
the  water  v/as  replaced  by  a  aqueais  agar  solution  v/hidh  v/as  poured  in 
at  60  C  (tAOhP)  and  set  on  cooling  to  a  rather  v/eak  gel.  This  motor 
functioned  correctly  \/hen  fired  statically  and  a  satisfactory  pressure/time 
curve  _  was  obtained  v/lilch  is  shovm  in  Pig.  3.  The  light  alloy  tebe  remained 
relatively  cool  and  v/as  found  to  be  in  perfect  condition  and  capable  of 
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re-use.  The  inhibitive  coating  to  inihich  a  good  deal  of  the  agar  gel  was 
still  adhering  was  also  in  remarkably  good  condition  and  was  merely 
charred  slightly  on  the  inside. 

Two  further  motors  and  6N-5)  filled  in  the  same  T,vay  also 

functioned  satisfactorily  and  both  pressure  and  thrust/tiiue  oirves  vrere 
obtained  (see  Pig. 4  and  5)  • 


4. 31  High  and  lov/  temperature  firings 


In  order  to  check  the  ballistics  of  the  charge  in  fir^p  at  more 
extreme  temperatures  ^fo  aqueous  agar  solution  at  60  C  (140^)  was 
into  three  rounds  (at  air  temperature)  v/hioh  were  then  placed  xn  a  heartng 
chamber  at  57. 8°C  (100'^).  The  annulus  surrcunding  the  charge  was  left  open 
so  that  the  displaced  gel  could  escape  until  a  unifom  temperature  had  bep 
obtained  throughout.  The  charge  retaining  ring  was  then  sorev/ed  hme  ag^st 
the. neoprene  vra.sher  and  the  annulus  sealed  cff.  All  tte  rounds  (CT-b,  6W-7, 
Gif-6)  functioned  correctly  when  fired  at  57. 8°C  (100°P)  and  satisfactory- 
pressure  and  thrusV^time  curves  were  obtained  (see  . Pig.  6,  7*  and  8;. 


Two  further  rounds  (.Gii—9,  fiVT— 10)  vf&Te  cooled  -fco  1.7°C  (35*^) 
that  temperature  v/ere  filled  vdth  hot  agar  solution.  A  further  period  was 
allowed  in  the  cold  chamber  so  that  the  agar  solution  could  cool,  and 
unifomi-ty  of  temperature  could  be  attained.  The  rounds  functi^ed  satis¬ 
factorily  on  static  firing.  The  cur/es  are  ^ovm  in  Pig.  9  and  10. 


4.4  Chargjes  fit-fced  with  end  spacers 


4. 4-1  Light  alloy  tubes 

Althou^  the  annular  filling  appeared  to  be  entirely  successful, 
it  T.vas  considered  desirable  to  investigate  all  possible  altereartves  in 
order  to  a-void  the  oanplications  arising  from  the  up  of  a  liquid  lulling. 

A  charge  was,  therefore,  prepared  in  v/hich  six  spacing  tabs  approximately 
4- -inch  long  with  their  axes  parallel  v/ith  the  axis  of  the  charge  pere 
oemen-fced  around  the  circumference  of  the  charge  on  each  end  face  in  order 
to  ensure  the  passage  of  the  gfises  to  the  outside  of  the  charge  at  both 
ends  and  so  permit  the  rapid  presstirization  of  the  annulus.  It  diould  be 
noted  -that  none  of  -the  spacing  tabs  projected  into  the  annulus  and  there¬ 
fore  did  not  centralise  the  charge  vdthin  the  tube. 

A  second  charge  -was  fitted  with  -Uiis  type  of  spacer,  but  at  the 
venturi  end  only,  the  other  end  being  sealed  ty  the  neoprene  washer, 
referred  -bo,  which  -ivas  screwed  dcA'/n  hard  onto  the  end  of  the  charge. 
rounds  (6^-11,  Qff-12)  ^vere  fired  at  air  temperature  and  pressure  recordings 
v/ere  taken;  both  rounds  burst.  The  first  one  survived  for  0.52  poond,  ^d 
the  second  one  failed  after  0.35  second.  The  records  shovm  in  Pig.p  aM  12 
indicated  tlat  no  abnormal  pressure  was  developed;  ^  in  fact  the  initial  le-vel 
of  pressure  -ivas  somewhat  below  normal,  probably  oiTing  to  the  greater 
VDlme  available  and  the  cooling  effect  of  the  motor  walls  on  the  propllant 
gases.  AH.thou^  the  appearance  cf  the  metal  fragnents  fron  both  of  the 
above  -bursts  sugges-fced  excessive  press-ure,  it  v/as  clear  fron  -fche  recording 
tliat  failure  could  only  have  been  due  lo  overheating  of  the  light  alloy. 

This  experiment  esta-blished  beyond  doubt  that  at  air  temperalure ,  pro-vided 
the  annulus  was  open  at  one  or  both  ends,  the  outside  of  tp  charge  oopd 
be  pressurized  sufficiently  rapidly  to  pre-vent  any  disruption  of  the  charge 
-by  the  internal  gas  pressure  such  as  occurred  when  the  tvio  ends  were 
ob-fcurated. 

•  No  explanation  can  be  suggested  for  the  peak  which  appears  on  this 

curve,  but  such  phencanena  are  common  v/ith  solid  propellant  rocket  motors. 
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It  had  been  proposed  to  complete  this  aeries  of  firings  with  one 
^aoer  yr&s  at  the  head  end  of  the  ohargc,  and  tlie  other 
end  ^  the  annulus  v/as  sealed  to  prevent  continuous  gas  flov/.  In  vlev/- 
of  the  results  cf  the  first  too  firings  and  the  general  shortage  of 
opponents,  it  was  decided  not  to  expend  any  further  efforts  on  this 
type  of  assembly,  and  the  last  firing  vais,  therefore,  cancelled. 

4.42  Steel  tubes 


Repeat  firings  were  next  carried  out  in  too  steel  tubes  with  loose 
ges  arranged  in  exactly  the  same  v/ay  as  in  the  ti'/o  previous  motors, 

Kie  pressure/time  curves  are  shovn  in  Pig.13  and  I4.  Both  rounds  burnt 
second  v/ith  a  progressive  lise  in  pressure  until  at  1800  to 
^  9  ^Vsq  in.  the  venturi  v;as  ejected  from  its  retaining  ring.  Pragnents 
of  the  recovered  pr^llant  showed  that  gas-rmish  had  completely  stripped 
l^ge  areas  of  coating  from  the  charges.  The  additional  burning  surface 
tous  exposed  was  responsible  for  the  progressive  pressure-rise  observed. 

It  Was  suspected  that  ignition  may  have  occurred  belov/’  the,  butt  joint  in 
e  ocamng,  s^oe  one  or  too  fragnents  of  propellant  shovred  excessive 
tte^  outer  qylindxioal  surface  along  a  line  oorrespondlng 
vd-th^the  butt  joint.  Hence  it  v/as  clear  that  the  gas  flow  over  the 
om ting  had  been  augnented  by  gases  arising  from  the  joint.  Hovrever, 
the  serio^ness  of  Jbe  latter  phtencanenon  was  not  fully  appreciated  for 
seme  considerable  time,  -ttien  the  firings  v/ere  repeated  vdth  charges 
ii^bited  by  means  of  oontinuoiis  ooating  free  fron  joints.  Charges 
T  1  vdll  f\motlon  quite  satisfactorily  in  steel  tubes,  partiou- 

lar^  rf  one  end  is  obturated.  These  experiments  will  be  described  more 
lully  in  a  subsequGiit  report. 


5  Diaoussion  of  results  of  the  first  stage  cf  development 

It  may  be  useful  at  this  point  to  summarize  the  min  conclusions 
of  the  work  up  to  this  stage  in  so  far  as  they  relate  to  charges  of  the 
imposition  and  dimensions  given,  since  a  decision  had  to  be  made  at 
that  time  as  to  how  the  design  should  proceed.  The  main  points  are  as 
follows:- 

5  •  ^  Charges  ^vith  single —ended  or  no  obturation 

Light  aU.oy  tubes  filled  with  charges  having  either  single-ended 
or  no  obturation  were  incapable  of  resisting  the  normal  vrorking  pressure 
for  more  than  about  0.5  second  oid-ng  to  overheating  as  a  result  cf  the 
gas  flow  necessary  to  pressurize  the  annulus  between  the  charge  and  the 
wall  cf  the  tube.  The  flcnr  is  continuous  beoause  cf  the  oooling  of  the 
gases  in  oontaot  Ydth  the  tube. 


5*2  Charges  vatli  obturation  at  both  ends 

If  iihe  annulus  v/ere  sealed  off  the  charges  burst,  since  they  v/ere 
being  treated  as  pressure  vessels.  The  extra  burning  surface  exposed 
then  oaiised  a  oatas trophic  rise  cf  pressure  v/hich  the  tube  would  have 
been  incapable  of  vdths tending  even  if  it  had  remained  cool;  the  tube 
oould  not,  however,  remain  cool  since  the  pzoteotion  afforded  by  the 
charge  disappeared  tije  instant  it  broke  up. 


It  sliould  be  noted  here  that  a  light  alloy  motor  ■would  function 
quite  satisfactorily  if  the  cliarge  could  be  made  an  exact  fit  in  the 
"tube ,  since  "there  would  then  bo  no  annulus  to  pressurize  and  henoe  no 
gas  flow  would  occur  over  the  vmlls  cf  the  tube.  Sudh  a  solution  is, 
however,  impraoti cable  because  of  the  much  greater  ooeffiedent  cf  thermal 
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expansion  of  the  propellant  relative  to  that  of  the  metal  twhe.  For 
example,  if  a  charge  iwere  an  exact  fit  at  air  tonperature  an  annular 
gap  vflDuld  appear  at  lov/er  temperatures  vz-hile  plastic  deformation  TWould 
occur  at  elevated  temperatures.  This  would  not  be  serious  in  itself, 
but  subsequent  cooling  cf  the  motor  would  produce  an  annular  gap  vdiich. 
'Would  lead  to  failure  v/hen  the  rocket  v/as  fired. 

5.- 5  .  ■  Motors  with  charges  possessirig  thicker  inhibiting  ooatLngs 

■  -  t  ’ 

Satisfactory  reWlts  could  not  be  obtained ,  even  in  steel  tubes 
with  charges  coated  by  the  equipment  available  at  the  time  this  work 
-.Tas  carried  out.  The  possibility  of  u^ng  thicker  inhibiting  coatings 
was  considered,  but  this  method  vfould  have  meant  considerable  delay , 
since  a  new  die  and  fresh  extrusions  vrould  have  been  required.  Moreover, 
ein  appreciably  thicker  coating  could  only  have  been  aooarmiodated  at  the 
expense  of  a  reduction  in  the  charge  diameter  ivith  resulting  degradaticsn 
of  the  perfomB.nce  of  the  .rocket  motor. 

5;  4  Motors  with  charges  of  larger  diajneter  '  . 

. charge  as  oiiginally  oidered  was  6.05  inches  in  diameter  with 
the  intention  of  using  a  coating  0.1  inch  thick  in  a  tube  of  inches 
bore.  It  was  thought  that  the  mean  clearance  cf  approximately  0.125 
inch, on  diajieter- vms  the  smallest  that  would  allov/  easy  assembly  most 
charges,  in  practice,  the  first  charges  came  out  at  less  than  6  inches 
outside  diameter  and  the  coating  used  tais  only  0.075  inch  thick,  so  that 
the  clearance  Was  considerably  greater  tliar.  anticipated.  This  possibly 
accentuated  the  troubles  vd.th  cliarge  cracking  under  internal  pressure. 
After  discussions  with  H.N..P.F.  Caerv’/ent,  it  vra.s  agreed  to  open  out  the 
ri-ift  ard.  thus  achieve  a  charge  of  greater  overall  diaraoter,  up  to  about 
6.i0  inches.  Later  charges  were  semovdiat  bigger  (note  greater  charge 
weights  in  last  firings  reported),  but  no  trials  \7crc  carried  out  without 
the  fluid  in  the  annulus  to  chock  any  alteration  in  behaviour. 

6  .Further  development  of  motors  f/ith  liquid  filling  in 

aimiilus  ! 

Since  none  -of  the  above  four  designs  afforded  a  oonvenient  soluticn 
of  the  problem,  it  appeared'  that  the  only  possibility  left  was  a  design  in 
which  the  annular  gap  between  the  charge  and  the  vra.ll  vras  filled  vd-th  a 
liquid,  'wherely  instantaneous  pressurization  of  the  outside  of  the  charge 
was  secured  vAithout  subjecting  either  the  inhibiting  coating  or  the  light 
alloy  vralls  to  high  temperature  ga3-\vash. 

Because  cf  tte  large  coefficient  cf.  thermal  expansion  of  the 
propellant  relative  to  that  of  the  motor  tube,  as  alreacy  explained, 
it  was  clearly  necessary  to  make  provision  for  reoeiving  the  liqaid^ 
filling  as  it  became  displaced  ov/ing  to  rise  in  temperature  and  similarly 
to  provide  a  reservoir  frem  vdiioh  liquid  could  be  dravai  in  order  to 
maintain  the  annulus  ocmpletely  full  as  it  became  enlarged  vri.th  fall  in 
ambient  tempera-ture.  In  the  present  case,  if  a  temperature  range  of 
-40  to  +60°G  (.-♦40  to  +14D°F)  is  to  be  covered,  then  a  reservoir  capable 
of  aoocnmodatlng  qpproxiinateiy..  3  litres  cf  liquid  is  required. 

.  '  ' '  »  1  ■ 

The  main  design  pi>oblem,  therefore,  vras  to  provide  adequate  seals 
against  the  leakage  of  liquid  to  the  exterior  of  the  rocket  motor  and 
also  into  the  conduit  v/here  igiition  of  the  burning  surface  mi^t  be 
prevented  or  delayed.  In  addition  a. suitable  housing  for  the  reservoir 
or  expansion  bag  had  to  be  provided. 
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6. 1  Annulus  filled  -with  ethylene  glycol 

T\ro  rounds  'were,  therefore,  fitted  with  foofball  bladders  situated 
in  the  forv/ard  end-space  (see  Pig, '15).  Initially  these  contained  about 
500  oc  of  ethylene  ^ycol  the  bulk  of  which  passed  into  the  annulus  vdien 
t^  motor  vras  cooled  dovjn  to  -5°P.  The  first  round  (51^-15)  which  was 
fired  at  this  temperature  with  two  3”inoh  carton  igniters  gave  an  ignition 
delay ,  so  that  no  record  vras  obtained,  but  functioning  v;ks  otherv/ise 
correct.  The  second  round  (SfiT— 16)  in  which  a  third  3~inoh  igniter  was 
inserted  yielded  a  satisfactory  pressure/time  oum^e  (see  Pig.  16). 

Tlie  liquid  selected  for  use  as  a  filling  for  the  annulus  should, 
of  course,  possess  a  sufficiently  lew  freezing  point  and  hi^  boiling 
point  to  enable  the  required  temperature  range  to  be  covered,  Purthermore 
suoh  a  liquid  should  have  little  or  no  solvent  effect  on  the  inhibiting 
coating  and  ^ould  not  be  capable  of  diffusing  throu^  the  coating  in 
amounts  sufficient  to  modify  the  ballistic  properties  or  affect  the 
chemical  stability  of  the  propellant. 

Of  tto  available  liquids  ethylene  glycol  (melting  point  about 
“^7.8  C  (0*^/)  diluted  T/ith  a  little  ethyl  alcohol  appeared  to  be  con¬ 
venient  for  preliminary  Work  and  gave  a  satisfactory  result  vdien  tested 
for  solvent-effect  on  the  coating  material. 

A  further  problem  arose  at  this  stage  since  during  projection 
firing  there  will  be  tvjo  forces  tending  to  expel  the  liquid  filling; - 

(1)  the  differential  pressure  betireen  the  front  and  rear  ends, 

and  (2)  the  set-back  forces  as  the  rocket  is  projected. 

In  the  first  static  filings  expulsion  of  the  liquid  filling  was 
prevented  ty  clamping  the  charge  longitudinally,  but  in  later  firings 
the  differential  press'ire  tending  to  f'orcL  the  charge  a^iinst  the  venturi- 
plate  "vra-s  relied  upon  to  effect  .the  necessary  scaling  against  liquid— loss, 
and  this  metiiod  appeared  to  be  effective.  Smoke  produoed  towards  the  end 
of  burn:mg,  hov/ever,  indicated  that  just  before  *all  burnt*  appreciable 
quantities  of  liquid  v/erc  expelled.  No  failures  in  staHc  firing  tests 
resulted  fran  tliis  cause,  although  recovered  coatings  v/ere  not  in  quite 
suoh  good  condition  as  Tdien  longitudinal  clamping  vras  used,  TiTo  ways  of 
reducing  the  loss  of  liquid  during  firings  v/ere  tried.  The  first  method 
was  to  fit  venturi— end  v/ashers  of  soft  neoprene,  or  similar  material, 
vdiidi  v/ould  compress  under  load  ahi  thus  form  a  liquid-proof  seal.  The 
second  method  was  to  select  a  liquid  of  much  higher  viscosity  vdiioh  would 
leak  cnly  slcmTly,  even  under  conditions  of  bad  sealing.  Both  methods 
liave  been  used  successfully,  althougli  a  viscous  liquid  makes  the  filling 
operation  rather  Slow  and  difficult.  The  liquid  polymers  of  isobutylene 
(Vistac)  have  proved  satisfactory,  but  necessitate  filling  at  an  elevated 
temperature. 

A  'regularity  series'  of  five  rounds  (Sii/-18  to  ,  using  an 

ethylene  gtyool  filling  without  reservoir,  was  fired  statLoally  at  eaoh 
of  the  temperatures  0,  18  and  37.8°C  (32,  65  and  1 00°P) .  In  each  case 
the  glycol  T/as  brought  to  tlio  same  temperature  as  the  round  before  being 
poured  in  and  was  seeiled  in  position  by  the  neoprene  washer  pressed  hard 
against  the  end  of  the  charge,  as  previously  described.  The  thni.st/t-imn 
curves  for  these  firings  are  given  in  Pig.  I7  to  5I  .  All  the  rounds 
functioned  correctly,  except  one  of  tyo  C0f!-y)  see  Pig. 29  and  6i^r-3l), 
which  were  inadvertently  fired  at  kS°0  (1209P)  instead  of  at  37.8°C 
(100°P)  and  gave  rather  high  initial-peak  pressures  causing  the  ejection 
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of  the  venturi  in  the  case  of  one  round  This  charge  was 

recovered  and  althou^  brolcBn  by  impact  after  ejection,  it  was  free 
from  any  burning  defects.  The  pressure  at  v/hioh  ejection  occurred 
was  cf  the  same  order  as  that  obtained  in  the  experiments  with  steel 
tubes  described  above,  ^vhioh  indicated  that  the  venturi  end-ring  was 
the  We  aloe  st  part  of  the  assembly  and  incapable  of  ^vithstanding  more 
than  about  1800  Ib/sq  in.  „ 

One  further  round  C6ff-33)  vnas  fired  satisfactorily  at  57.8°C  (100*^) 
and  a  total  of  four  records  was  obtained  at  iiiis  temperature  (see  Fig, 27, 
28,  30  and  51). 

The  variation  of  thrust  and  time  of  burning  of  ‘this  motor  with 
ten^ierature  is  shown  in  Fig.  32;  mean  thrust/ time  curves  are  given  in 

Pig. 33. 

Details  of  the  empty  assembly  are  shovn  in  Pig.  34. 

6.2  Secendary  peaks 

The  American  "Deacon"  employs  an  anti-re sonanoe  rod,  but  so  far 
there  has  been  no  evidence  of  secondary  peaks  with  the  SU/K  charge, 
although  firings  at  extremes  of  temperature  vd.th  the  latter  have  been 
on  a  very  anall  soale, 

. 7  Conclusions 

It  has  been  shOTn  that,  although  cordite  is  an  excellent  thermal 
insulator,  a  star- centre  cha.rgc  of  this  propellant  provides  only  partial 
proteotion  to  the  ivalls  of  a  rocket  motor  during  firing.  This  results 
primarily  fran  the  large  difference  betvreen  the  coefficients  of  thermal 
expansion  of  cordite  and  metal,  such  that  the  desirable  close  fit  of  the 
one  T/ithin  the  other  can  be  maintained  only  over  a  very  narrcftv  tempera¬ 
ture  range.  The  main  conclusions  to  be  drawn  from  experiments  designed 
to  improve  the  effectiveness  of  the  proteotion  given  by  the  charge  to 
the  tube  are  as  folloviTs:- 

(1)  Obturation  of  the  charge  at  both  ends  in  order  to  seal  off 
the  annulus  against  the  flow  of  hot  gases  is  not  satisfactory  below  a 
certain  temperature.  This  is  because  the  differential  pressure  bursts 
the  charge,  ihermal  insulation  breaks  down,  and  the  extra  burning 
surface  produces  a  rise  in  pressure. 

(2)  Gas-wash  causes  failure  of  the  light  alloy  v/all  if  only  one 
end  of  the  charge  is  obturated,  or  if  tlie  obturation  is  emitted.  The 
probability  of  failuiro  is  greater  the  lovrer  the  temperature  of  firing 
and  the  analler  the  charge  diameter. 

(3)  Functioning  is  satisfactory  over  a  wide  temperature  range 
when  the  annulus  is  filled  with  a  liquid  (e.g.  Vistac).  A  reservoir 
for  tiie  liquid  is  also  necessary, 

(4)  There  is  no  evidence  cf  any  tendency  for  the  charge  to 
break-up  ovdng  to  differential  pressure  in  any  assembly  tested  except 
that  described  under  (1)  above. 

(5)  When  a  liquid  filling  is  used  for  the  annulus  the  solid 
inhibitor  apparently  serves  little  or  no  useful  purpose.  Experiments 
in  ■which  the  latter  has  been  successfully  emitted  vrill  be  described  in 
a  subsequent  Technical  Note.  Meanwhile,  hovrever,  the  solid  inhibitor 
should  be  regarded  as  an  insurance  against  possible  failure  elsewhere. 
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(6)  In  approxunately  six  hundred  projection  firings  of  this 
motor  up  to  the  present,  the  failure  rate  from  all  possible  causes  has 
been  of  the  order  of  2^,  However,  it  is  considered  that  the  reliabilitry 
of  a  li^t  alley  rocket  motor  vdll,  in  general,  bo  less  than  that  of  an 
equivalent  version  using  a  steel  tube. 
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FIG.6  PRESSURE  AND  THRUST  /  TIME  CURVES  —  ANNULUS  FILLED  WITH 
AQUEOUS  AGAR  SOLUTION.  FIRING  AT  IOO“  F. 
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FIG.II  PRESSURE  /  TIME  CURVE  —CHARGE  FITTED 
WITH  SPACER  TABS  AT  EACH  END, 
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F1G.I2  PRESSURE  /  TIME  CURVE  — CHARGE  FITTED 
WITH  SPACER  TABS  AT  VENTURI  END, 
FIRING  AT  AIR  TEMPERATURE  . 
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FIG.I3  PRESSURE  /  TIME  CURVE  —(STEEL  TUBE)  CHARGE  FITTED  WITH 
SPACER  TABS  AT  BOTH  ENDS,  FIRING  AT  AIR  TEMPERATURE. 
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F1G.I4  PRESSURE  /  TIME  CURVE  -^EEL  TUBE)  CHARGE  FITTED  WITH 
SPACER  TABS  AT  VENTURI  END,  FIRING  AT  AIR  TEMPERATURE. 


SHEET  OF  E.C.  INHIBITING  LEADS  TO 

ELASTOMER  DISC  COATING  CHARGE  IGNITER 


R.P.8S4 


SECRET  -  DISCREET 


TECH.  NOTE:  R.P.D,  67 


FIG.I5 


Liy 

UJ  Q 


£  E  y 

h-  O  H 
^ 

Z  a.  4 

O  3  s' 


I 

O 

LU 

E 

U- 

Qg 

i< 

o" 

“^Q 

Z 

Om 

^9 

UJ  c£. 

w)  o 

—I  u- 

I? 

D  DC 

gg 

O 

7  UJ 

O  LU 


SECRET  -  DISCREET 


MECHANICAL  DETAILS  DIAGRAMMATIC  ONLY 


PROPELL^NT  i-  UNPr  (4G  5  ROUND  N?  G  W-IG 

CHWE  WElQHTr  104  LB.  2^  OZ  DATE  FIRED  r  t-7-45 

VENTURI  THROM  DIA  >  £.55'  PERFORMANCE  INDEX  £04  (CAlBiUTED) 

lONITER  r  THREE  3'  CARTONS 


R.RD  726 


% 


TN.  R.P.D,67 

FIG.16 

o 


8 

i  I 

UJ  ^ 

z 

J  ^ 
>  Z 

X  at 

£  ^ 


I  ^ 


CO 

o 

z: 

o 

o 

Ul 

cO 


t  £ 
^  o 

O  QC 
Ul  < 


Q£ 

2 

tn  _ 


I  S 

5  Q 

1  oc 

UJ  u 

5  ^ 

3  UJ 

U  0= 

UJ  X 

2  t 


o 

Ul  UJ 
OC  I" 
3  I- 

*2  iZ 

UJ 

a 

(L 


o 

u. 


r  ^  f 


<.PU.72e 


SECRET  —  DISCREET 


TN.  R.P.Q.G? 

FIG.I8 


O  lij 

(iJ 

dH 

li.  < 

cr 

32 

3  UJ 


<n  o 

X  j 
t-O 

<5 

Ul  J 
Q£>- 

3  X 

io£ 

QJ  UJ 

(T 

(L 


S 

d 

U. 


729 


R,PD^730 


PROPELUNT  --R-NR  iG4  S  ROUND  N?  r  6W-22 

CHARQE  WEiqHT  r  I07  LB.  B  02.  DATE  FIRED  f  10-10-49 

VENTURI  THROAT  0IAr£-55'  PERFORMANCE  INDEX  f  204 

PRESSURE  IQ  NITER  r  THREE  3*  CARTONS  THRUST 

LB/sq.jN _  lb 


7SI 


SECRET  —  DISCREET 


TN.  R.P.0.fc7 


1  FIG.  21 


PROPELLANT  r  R.N.P  IG4  S.  ROUND  N®  r  GW- 23 

CHARGE  WEIGHT  MOT  LB.  12  02.  DATE  FIRED  f  11-10-43 

VENTURPTHROAT  £-55'  PERFORMANCE  INDEX  f  198 

THRU5T  IGNITER  r  THREE  3'  CARTONS 


R.RD.  732 


T.N.  R.RD.&7 

1  FIG22 


SECRET—  DISCREET 


u  1*0  2*0  3*0  '  4-0 

— - ^TIME  IN  SECONDS - ^ 

FIG.  22  THRUST /time  CURVE  -  ANNULUS  FILLED  WITH  ETHYLENE  GLYCOL. 
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FIG.  29  PRESSURE  AND  THRUST /  TIME  CURVES  -  ANNULUS  FILLED  WITH  ETHYLENE 
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FIG.3I  THRUST/ TIME  CURVE  —  ANNULUS  FILLED  WITH  ETHYLENE  GLYCOL 

FIRING  AT  lOO*  F 
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